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|. Abstract lll. Quantifying Sources of Uncertainties
Traceable radiometric data sets are essential for ~ A. Calibration, thermal offset, and cosine B. Radiometer spectral change coating
validating climate models, validating satellite- response errors ] Radiometer response changes with
based models for estimating solar resources, Figure 2 addresses the effect of different Broadband S time (Figure 3) because of changes
and validating solar radiation forecasts; however, g tqq0or Calibration methodologies and resulting 3 \\\/\/\ in the optical transmittance of the
the uncertainty of current radiometers is 2%—5%  gifferences [3]. These differences are attributed to the e glass dome and the reflectance of the
and sometimes more [1]. various sources of uncertainties, such as thermal offset der | black detector over time (Figure 4).

| and cosine response [4]. The result from the figure is os oo Results from the figures are used Iin
The National Renewable Energy Laboratory used in the uncertainty estimation. BORCAL Cllration Yeor the uncertainty estimation.

(NREL) and the Atmospheric Radiation
Measurement (ARM) Program are identifying

Figure 3. History of instrument at zenith angle = 45°

uncertainties, improving measurement gowa e | 1 = o | _ : -
performance, and developing a consensus o o W - ol I " - =
standard methodology for radiometric £ £ Fios
measurements. : ; | g
i’ 2 E 2 E_::: | |
This study analyzes the impact of differing o 4 -
parameters—such as cosine response, thermal : oA I | . T 1
offset, spectral response, and others—on the I T B S B B A A A A B L A o Aaniioq LA AL R
accuracy of data from several radiometers. The ECmp ot e o e ey
StUdy prOVides insig ht on how to reduce the Figure 2. Comparison of NREL'’s calibration responsivity for clearness index (Kn) above 0.6. Figure 4. Results showing the spectral error of shortwave radiometers under different air masses
impaCt of some of the sources of uncertainties. Differences are shown in percentage and W/m?2. Left: GHI; right: direct normal irradiance (DNI) (AM) and locations [5]. Note: Spectral irradiance simulation was performed using SMARTS model.
Il. Method IV. Result: Uncertainty Estimation v Pc_>tent|al Benefit of Lower Uncertainty
Radiometers for the ARM Program
We estimated measurement uncertainty following  NREL in collaboration with industry developed a guide to an uncertainty Pros:
the International Organization for Standardization  estimation international consensus standard through the American Society * Reduces uncertainty in predicting the solar resource,
procedure for evaluating uncertainty, the Guide to  for Testing Materials. NREL has a spreadsheet that implements the standard which in turn assists in accurately validating climate
the Expression of Uncertainty in Measurement [6]. The output plots from the spreadsheet assist in illustrating the overall and radiative transfer models.
(GUM) [2], as shown in Figure 1. uncertainty versus irradiance (Figure 5) and the main contributions to * Reduces time spent in quality analysis/quality check
Sources of measurement uncertainty: uncertainty (Figure 6) Uncertainty estimates shown In Table 1 were of measured radiometric data.
. catibration . Temperature dependence obtained using the spreadsheet in which both ARM radiometers, PSP and * Increases reliability ot measurement, and provides
+ Spectral response : ’;’Zgr”'gglag;fizlf"se NIP, have higher uncertainty from the global horizontal irradiance (GHI) and more defensible solar resource data.
: ,f”‘;’s’;’;gnzzgc":_’esifl’;”ggse . Instrument aging direct normal irradiance (DNI) groups, respectively. Cons: o | |
. Data logger uncertainty Table1. Uncertainty Estimated Using GUM . E:ggnswe to replace existing radiometers with new
Type Model Manufacturer u“ﬂiift‘;ﬁ?f(?/t) S » Causes a disruption in the historical consistency of
CMP22 Kipp & Zonen 2.7 » QDNI-CHMNIP ________ MS-56 < DROZ o NIP the data due to the use of a different radiometer.
SPP  Eppley Lab. 3.7 = T R T R .
GHI o200 EKO Ine. . B VI. Conclusions
PSP Eppley Lab. 6.6 5 %  erogus mme| * The radiometers presented in this poster are a cross
6. Expanded > Sources of C,:'FP' 1 Ké%%éyzfgs_n ;:g T s it s oo e S section of the commercially available radiometers.
Uncertainty Uncertainties DNI  sNIP  Eppley Lab. 1.7 o I N T S B » Some sources of uncertainties that may affect
Veasurement DRO2  Hukseflux 2.1 T Yidiancewymy) radiometric measurements still need to be considered,
Uncertainty MS-56 EKO Ins. 1.8 Figure 5. Overall uncertainty for DNI radiometers such as SOiIing, effects of ventilation, extreme
Estimation _ _ _ _
- Teomim o climates, and high-latitude locations.
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Figure 6. Contribution of sources of uncertainties to the overall uncertainty estimation of pyranometers.

Figure 1. Measurement uncertainty estimation flowchart using the GUM Left: PSP; right: CMP22
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